Introduction
Suicide and homicide are a worldwide public health problem with about one million deaths from suicide occurring worldwide each year. There are wide variations in the suicide rates of the nations of the world, ranging from about 30 per 100,000 per year in Russia to less than 1 per 100,000 in Arab nations such as Egypt. The suicide rate also varies over regions within a country. For example, in the United States, suicide rates are higher in the western states and in those with higher rates of divorce and migration 1 . There are several published studies that have focused on the ecological association of suicide and homicide rates with sociodemographic aspects in different countries using a variety of indexes to explore these associations. However, almost all of the studies have been carried out in developed countries.
Brazil covers 8.5 million km² (47% of South America), with an estimated population of 190 million inhabitants in 2010, the world's fifth most populous country 2 . The country is divided into 27 States with differing socioeconomic and health conditions. For example, according to the last national census, the wealthiest states, Distrito Federal (centre-west) and São Paulo (southeast) had a per capita income of US$ 1392 and US$ 857, respectively. They contrasted strongly with the poorest state, Maranhão (north), with a per capita income of US$ 392. The unemployment rate also showed great variability, ranging from the state with the lowest rate Santa Catarina (south), with 3.8%, to the state with the highest rate, Amapa (north), with 11.9% 3 . Suicide rates in Brazil from 1980 to 2006 have increased from 4.4 to 5.7 per 100,000 inhabitants per year. Suicide among young Brazilians has increased in the state capitals of the country 4, 5 . The average suicide rate was 4.9 which is low compared with the worldwide suicide rate (14.5) [6] [7] [8] . Suicide rates in Brazilian regions also vary broadly, ranging from 2.7 (northeast) to 9.3 (south) 7 . Recent study confirmed this pattern, a spatial cluster of high suicide rates was identified in the southern part of Brazil 9 . Despite the importance of suicide as a public health problem and the availability of data in the official mortality records, the literature shows important epidemiological gaps in the understanding of the problem 10 . Many risk factors that contribute to suicide are well known and include: genetic loading, personality characteristics (e.g., impulsivity and aggression), psychiatric and physical disorders (e.g., depression, pain and incapacity), life events (e.g., loss and trauma), social isolation, economic conditions, the availability of means for committing suicide, and substance abuse 6, 11 . Ecological studies of suicide commonly study the impact of such variables as marital status, population density, birth rate, urban population, per capita income, unemployment rate, education and religious affiliation 6, [12] [13] [14] [15] [16] [17] . The results have varied widely. Durkheim's 12 masterpiece, Le Suicide, inaugurated the modern age of sociology in the late 19 th Century and was one of the first ecological studies of suicide and a major influence in epidemiology and sociology. Durkheim noted that suicide rate was higher in northern France and that low family density and wealth were associated with higher suicide rates. Durkheim's theory of suicide was based on two concepts: social integration and social regulation. Suicidal behavior is common in societies where there is a low degree of social integration (leading to egoistic suicide). The individual is protected from egoism by religions with strong group ties (e.g. Roman Catholicism) and by family ties (e.g. marriage). Suicidal behavior is also common in societies where there is a low degree of social regulation (leading to anomic suicide). Social regulation can be understood as external regulatory forces on the individual (such as those produced by economic cycles) 12, 13 . The other extremes of egoistic suicide and anomic suicide (known as altruistic suicide and fatalistic suicide, respectively) are also related to high suicide rates, but were not generally applicable to modern western societies 18 . Divorce has been seen as a behavior which will increase the suicide rate in a society since it both weakens social integration and implies already weakened social regulation, at least in a society where divorce is not yet the norm 19 . The same idea could be applied to unemployment, which implies the loss of social contact and activity, and often leads to the severing of social ties 20 . The homicide rate in Brazil in 2007 was 26.8 per 100,000 per year, it was considered high compared with the worldwide homicide rate (8.8) 6, 21 . In Brazil, homicide rates rose from 27 per 100,000 in 1991 to 32 in 2003, but by 2007 the homicide had declined back to the level seen in 1991 21 . Homicide rates in Brazilian states vary broadly, ranging from 11 in Santa Catarina (south) to 51 in Pernambuco (northeast) 22 . The results of ecological studies of homicide rate in Brazil have been consistent with results from other countries, with associations documented between homicide rates and poor socioeconomic conditions 21, 23, 24 .
According to Susser and Susser 25 contextual characteristics are fundamental for understanding the health of persons and groups since measures of individual attributes cannot detect the processes involved in social relationships such as mate selection, social interaction, other behaviors. Although ecological studies do not permit cause-and-effect conclusions (because of their correlational methodology), they can suggest new hypotheses and issues for study 26 . The present article describes for the first time an ecological study of suicide as well as homicide in Brazilian states using an archival data.
Method
The present study is a cross-sectional ecological study using suicide, homicide and sociodemographic data in the 27 states of Brazil as the unit of analysis. Deaths considered to be suicide were those that used codes corresponding to "intentional self-harm" (X60 to X84). For homicide, the codes used were deaths due to "assault" (X85 to Y09) according to the International Classification of Diseases and Deaths (ICD-10). The mortality database utilized was that of the Ministry of Health Mortality Reporting System 27 . Sociodemographic data were extracted from the National Census (2010) from Instituto Brasileiro de Geografia e Estatística (Brazilian Institute of Geography and Statistics, IBGE) 3 . We chose the year 2010 because it refers to the last national census. Furthermore, there was an improvement in mortality data quality from 2003 onwards 9 . We calculated the ageadjusted rates of suicide and homicide by sex using direct standardization. This approach adjusts crude rates according to the age distribution of one external, arbitrarily-defined population (in this case, Brazilian population was used as a reference, 2010) 3,28 . The suicide and homicide were defined as dependent variables.
The independent variables used and the corresponding year are listed below:
. Suicide rate (2010) . Homicide rate (2010) . % divorced (2010) . Gross Domestic Product (GDP) per capita (2008) . Per capita income (2010) . % urban population (2010) . Population density (2010) . Birth rate (2009) . Unemployment rate (2010) All data investigated are available with freeaccess.
The data were analyzed using SPSS, version 15.0, using correlation techniques, factor analysis, principal component analysis with a varimax rotation and multiple linear regression. Factor analysis and principal components analysis are statistical techniques applied to a single set of variables when the researcher seeks to find out which variables form coherent subsets and are relatively independent of one another. The correlated variables, which are largely independent of other subsets of variables, are combined into factors that form the structures that tend to reflect the underlying processes by the correlations among variables 29 . Variables with a factor load greater than 0.50 were considered to form the factors. Multiple linear regression is used to assess the association between one dependent variable and several independent variables. Multiple linear regression attempts to model the relationship between two or more independent variables (x) and a dependent variable (y) by fitting a linear equation to observed data. Every value of the independent variable is associated with a value of the dependent variable, after controlling for a number of other covariates (e.g., x 2 , x 3 , … x n ). The corresponding linear regression model is written as follows:
The regression coefficient (beta) is the estimated increase in the dependent variable (y) per unit increase in the predictor variable (x). This regression coefficient corresponds to the slope of the regression line; it reflects the strength of the association between the variables 26 .
Results
In the year 2010, there were 9,423 suicides (7,352 men) in Brazil. Suicide rates for the total population, men and women were 5.0, 8.0, and 2.2 per 100,000 inhabitants per year, respectively. The suicide rates of the 27 states ranged from 2.7 in Pará (north) to 9.1 in Rio Grande do Sul (south) ( Table 1 ). In the same year, there were 51,072 homicide victims (46,722 men). Homicide rates for the total population, men and women were 27.2, 50.8, and 4.5 per 100,000 inhabitants, respectively. The homicide rates of the 27 states ranged from 13.0 in Santa Catarina (south) to 68.9 in Alagoas (northeast). Suicide and homicide rates were negatively associated over the 27 Brazilian states (Pearson r = -0.61, two-tailed p = 0.001). The negative association was significant for male rates (r = -0.62, p = 0.001), but not for female rates (r = -0.28). Unemployment was negatively correlated with suicide and positively with homicide ( Table 2) .
The principal components analysis identified three components with eigenvalues greater than one. The first factor (accounting for 48.7% of the variance) had high loadings (> .50) from population density, the divorce rate, urbanization and economic wealth ( Table 2 ). The second factor (accounting for 23.1% of the variance) had positive loadings from the homicide rate and unemployment and a negative loading for the suicide rate. The third factor (accounting for 13.4% of the variance) had loadings from the birth rate (positively), unemployment rate (positively) and the divorce rate (negatively).
The linear regressions are shown in Table 3 . The total suicide rate had three significant coefficients in the multiple regression. The association was negative with the unemployment rate and population density and positive with per capita income. For male suicide rates, result was similar. For female suicide rates, only the unemployment rate was statistically significant.
The total homicide rate (and that for men) had a significant positive association only with the unemployment rate. For women, the homicide rate was positively associated with birth rate and the percentage of divorced persons and negatively associated with the per capita income. Suicide and homicide rates were negatively associated in Brazil, both for the overall rates and the male rates. In developing countries, the same pattern has been reported in Trinidad and Tobago 30 , but not in India 31 . In Russia, research has suggested a direct association between suicide and homicide 32, 33 . Suicide and homicide rates are not correlated in the United States 34 . Regarding the correlation between suicide and homicide rates across nations worldwide, negative correlations were reported for the countries of the Asia-Pacific region (without India) and the Americas and positive correlations across European countries. Correlations were more pronounced among men, and Bills and Li 35 attributed this difference to regional differences in social and cultural variables.
Henry and Short 36 suggested that, when people have a clear external source to blame for their misery, depression will be less likely and anger more likely. On the other hand, when people have no one to blame but themselves for their misery, depression will be more likely and anger less likely. Based on this, Lester 37 argued that in regions in which the quality of life is better, suicide rates would be higher, and homicide rates lower since, when the quality of life is better, there are fewer external factors to blame for one's own misery and unhappiness. Lester 47 . Further research is needed to clarify this hypothesis in other regions. However, the present results indicate that regions in Brazil with higher homicide rates have lower suicides. Furthermore, regions in Brazil with high per capita income and lower unemployment rates have higher suicide rates and lower homicide rates. These results suggest that suicide is perhaps more common in regions with a higher quality of life whereas homicide is more common in regions with a lower quality of life.
Being unmarried has been identified as a risk factor for suicide in Western cultures. Higher rates of suicide have been reported among married women in Hong Kong and Pakistan 6 . Individualbased studies in Brazil 5,7 , and an ecological study carried out in the city of Sao Paulo 46 also identified being unmarried as a risk factor for suicide. However, the present study showed no significant association of this variable with suicide (as measured by the divorce rate among Brazilian states).
Among the states of Brazil, unemployment was negatively correlated with suicide and positively with homicide. In the multiple regression analysis, the overall suicide rate had a significant and positive association with income and a negative association with unemployment and population density. The present results suggest that there is a positive association of suicide rates with socioeconomic characteristics (indexed by income and unemployment). A study focusing on developing countries, using World Health Organization data, revealed a positive association between socioeconomic characteristics (indexed by high education levels, high telephone density, and high cigarette consumption) and suicide 16 . The authors suggested that in developing countries, social deprivation might be more accepted by the population, while in developed countries notions of selfworth and equality are valued. Another explanation, which complements the previous idea, was proposed by Paugam 48 and Castel 49 who distinguish between disqualifying and integrated poverty. The latter, which best described Brazil, is observed in societies in which poverty is compensated by solidarity within the family and the neighborhood. On the other hand, disqualifying poverty, which is more common in developed countries, might be related to demotion and loss of social status 50 . Becoming poor in a rich society is, in fact, different than being poor in a poor society. Lester and Yang 19 , analyzing the theory of Henry and Short 36 , noted that the wealthiest people have more to lose, and so their fall is greater. In Brazil, it is known that the suicide rate is higher in the south 7 . An ecological study also showed that suicide rates were associated with income per capita in Brazil 9 . Studies performed in the capitals of Brazilian states and municipalities that comprise the state of Espírito Santo suggested a possible European influence, since the municipalities with the higher suicide rates were colonized by Europeans, mostly Germans and Italians 4,51 . The WHO's "Self-directed violence" report noted that suicide rates in a given migrant group have been found to be similar to that of the migrant's country-of-birth 6 . Voracek and Loibl 52 carried out a meta-analysis of 33 studies with data from seven host countries, and found a strong and direct association between immigrant suicide rates and their country-of-birth rates. As the southern region of Brazil is marked by a high rate of European immigration, the cultural aspect cannot be rejected. Further research should examine multiple levels of aggregation to clarify these patterns. It would also be of great interest to study ecological correlations over the different regions within the states and the major cities of Brazil. Are the associations between unemployment rates and suicide and homicide rates documented in the present study over the Brazilian states also found within Brazilian states, and are these associations found for every major city in Brazil or only some? Unemployment has long been known to be associated with suicidal behavior, using a variety of research designs, including cross-sectional and time series studies and at the individual and aggregate levels [53] [54] [55] . A recent systematic review and meta-analysis suggested that long-term unemployment is associated with a greater incidence of suicide 56 . Cross-sectional studies on suicide and unemployment have shown conflicting results. These studies usually test several socioeconomic variables, and sometimes unemployment is one of them. Despite an extensive literature, there have been widely divergent findings regarding the direction of the association between unemployment and suicide rates using aggregate data. This could be related to different definitions of unemployment and levels of aggregation 17 . Lester and Yang 19 have pointed out, that the association between unemployment and suicide seems to be more reliable at the individual level, as the study of Blakely et al. 53 . An important issue has been raised in some studies concerning the association between mental health and unemployment 20, 54, 57 . Does unemployment worsen the mental health of those who become unemployed or, alternatively, are those with mental health problems more likely to become unemployed? Research has not yet decided between these two possibilities.
Other ecological studies from developing countries showed different results. Although few in number, they have suggested an inverse association between suicide and socioeconomic variables. For example, in Trinidad and Tobago, population density and income were negatively associated with suicide, while East Indian ethnicity and alcohol consumption were positively associated 30 . In India, Pandey 31 found that the suicide rate was significantly correlated only with high population density. Among the provinces of Ukraine, suicide was strongly associated with indices of social disintegration (indexed by divorce and illegitimacy rates) 58 . In Taiwan, suicide rates were negatively associated with household income and population density and positively with one-parent households 59 , while another cross-sectional study carried out in Taiwan showed that low income was the best predictor of suicide rates 60 . In the United States, the pattern of associations differed over time. In 1940, suicide rates were positively associated with income, professionalization and alcohol 37 . In 1980, suicide rates were associated only with population density (negatively) 34 . In 2001 suicide rates were positive correlated with the proportion of men, native American ethnicity and the percentage of uninsured residents; and negative associated with population density, per capita income, psychiatrists per 100,000, physicians per 100,000, mental health aid, and African American ethnicity. After multiple logistic regression, four variables had significant coefficients: male sex, uninsured residents, mental health aid, and psychiatrists per 100,000 61 . In Italy, regional suicide rates were positively associated with the employment rate and negatively associated with the economic situation of households 62 . A systematic review of ecological studies in North America, Europe, Australia, and New Zealand, dating from 1897 to 2004, showed that most studies reported a direct association between socioeconomic characteristics (indexed by poverty, unemployment, low educational achievement, and lower occupational social class) and suicide 17 . Moreover, an ecological study that grouped data from the G7 countries reported an association between low income and unemployment with male suicide rates 63 . Other recent ecological studies performed in Japan 64 , Australia 65 , the west of England 66 , and Finland 67, 68 have also demonstrated a negative association between suicide and socioeconomic characteristics. In developed countries suicide rates have been generally associated with low income, unemployment, educational underachievement, and being single.
Across the states of Brazil, in the linear multiple regressions, the overall homicide rate and that for men had a positive association with unemployment. In Brazil, the homicide rates are higher in young black men and poorly educated people 21, 24 . The same pattern has been shown in several Brazilian states [69] [70] [71] [72] and cities [73] [74] [75] [76] [77] [78] . For women, our study showed that homicide rates were positively associated with the birth rate and the percentage of divorced persons and negatively associated with per capita income. An ecological study of female homicides in the states of Brazil showed similar pattern. Homicide rates were higher in women aged 20 to 30 years old, with 1 to 3 years of schooling, black and single. In that study, the multiple linear regression indicated that three variables remained significantly associated with female homicide rate: the birth rate, percentage of Evangelicals and the male homicide rate 23 . Regarding homicide, the results of studies in many nations have produced consistent results. In general, low socioeconomic status (indexed by unemployment, poverty and income inequality) is associated with homicide rates 79 . A study with data from Latin American countries (including Brazil) focused on three levels of variables, from macro-social to micro-social factors, namely: originating (social inequality), promoting (drug markets, impunity, culture of masculinity) and facilitating (alcohol consumption, firearm ownership) 80 . Briceno-Leon 81 investigated two social explanations for homicide, the first attributing its origins to poverty and inequality and the second blaming institutionalization or social norms. His study of homicide trends in Colombia, Venezuela and Brazil in the first decade of the 21 st Century, using the technique of trajectory analysis, suggested that social norms were more to blame for the changes than was poverty.
Other studies in developing countries and in developed countries also show interesting findings. In Trinidad and Tobago, the homicide rate was associated with high population density, low marriage rates, African ethnicity and school dropout rates 30 . An ecological study in Russia showed that regions that experienced greater increases in unemployment and that had lower levels of privatization were regions where homicide rates in-creased the most 82 . Another study of Russian regions showed that poverty was positively and significantly associated with homicide rates 83 . However, in India, the homicide rates were not associated with any of the social variables 31 . Among the states of the United States (USA), homicide rates were negatively associated with median income 84 . Other studies have shown that homicide rates were associated with income inequality 85, 86 and a high level of urbanization 85 . A cross-national study of 33 countries indicated that income inequality was associated with homicide, partially mediated by an indicator of social capital 87 . Another study of 16 countries (United States and 15 nations from the European Union) found that the infant mortality and the relative poverty were significantly associated with homicide rates 88 . The present study has some limitations. The first is inherent in the ecological study design. The association observed between variables at the group level does not necessarily represent the association that exists at the individual level. This bias is known as ecological fallacy. Another limitation is related to data collection resulting from possible misclassifications of suicides. Different procedures, as well as cultural and social practices and values probably have an impact on death Collaborations DH Bando undertook data extraction and D Lester worked in the analysis. DH Bando wrote the first draft. D Lester formulated research questions and contributed to writing the drafts. All the authors contributed to the preparation of the final manuscript and approved the submission. records and can lead to a misclassification of suicides 6, 11 . According to Bertolote et al. 89 , about 20% of deaths due to external causes in Brazil are recorded only as to mechanism, not intent (e.g., falls and drowning 10.9%; undetermined intention 8.7%), making it impossible to ascertain how many of them are accidents or suicides. However, this type of bias is inevitable in ecological studies of suicidology, and regional differences in classification may not be as large as difference between nations. Additionally, a study carried out in Brazil demonstrated a temporal trend of improvement in the quality of violence-related mortality data in the past two decades 90 . The present study presented a classical ecological study of suicide and homicide across the Brazilian states. The results provide evidence suggesting that suicide and homicide are negatively correlated in Brazil and that unemployment may be an important determinant for suicide and homicide rates. Suicide rates showed a pattern suggesting that, in Brazil, suicide is related to high socioeconomic status. Homicide rates in Brazil seemed to follow the pattern found in other countries, in other words, associated with lower low socioeconomic status. Further researches are needed to elucidate these patterns.
